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Recent progress of muographv
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Multimessenger geophvsics
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The ratio of electron density to matter density is equal to the ratio of the
atomic number to mass number(Z/A)
Core composition “measurement”
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Neutrino oscillation in the Earth
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Oscillogcrams (Fe vs Fe+2wt%H)
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Other seophvsics cases
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Neutrino floor of muogranhv
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Maximum thickness of muography is ~4km

Limited by neutrino “background”...
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Coincident muons (muon bundle)
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To reduce the noise, take coincidence. But..
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Muon excess problem etc...
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We need them for muography Gg%

¢ Energy spectrum

B
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¢ Angular distribution - |
Nucleus (*C) Strangelet*
7=6,A=12 A=12 (36 quarks)

¢ Multiplicity + topology(Pt) o L= 005
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Muon bundle Anisotoropv bv Alice

~ Image: Fermi Gamma-ray Spai:é Telescope

E > 57 EeV
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What can we do using next generation detector
+ Z/A ratio of materials using atm neutrino ?

Fe :0.466, Light material :~0.5, Hydrogen :1
More sensitive to Hydrogen

Matter density profile : modified PREM

atm neutrino flux : Honda flux 2011

Mantle is pyrolite (Z/A=0.496)

Inner Core is Pure Iron (Z/A=0.467)

Z/A of outer core : free parameter

Normal hierarchy, three generation

Oscillation parameter : Capozzi et al. 2014
sin” @, =0.3087 0, O0.,=139" 0 x7x
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Outer Core composition by HK

10Mtyr

s 4 ' ' :

© i

o =

© <X

T 3 o e il A

®© :

© I

c :

i | Y

R B

D i

> I

o |

8 1} all o S — L

c ) O

% Sin 623 o : ;

= . 2 i i

c sin“0,; N 1.

Q l I i y 1 l

o O

0 0.2 0.4 0.6 0.8 1

Z/A ratio

AE, AP Hydrogen content [wt%] 0 20 40 60 80 1.00

€q. to HK Oxygen content [wi%] 0100

2023/11/9 < NVT AT — R FOER 14



MSW effect measured bv SK atm
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Rediscoverv of the Earth bv neutrino oscillation

+ Already done by SK (solar v)

+ Average electron density of entire earth < 30% resolution
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Neutrino absorption measured by IC
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